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ACCESS NETWORK WITH AN INTEGRATED SPLITTER 



BACKGROUND OF THE INVENTION 

The invention relates generally to telecommunications, and more 
particularly to access network with an integrated splitter. 

Telephone customers are moving in an evolutionary way to higher 
bandwidths, from sharing POTS (Plain Old Telephone Service) and 
modem on one line to dedicated analog modem line at 33.6 kbps, to 
dedicated analog modem line at 56 kbps, and then to ISDN BA (Basic 
Access). Now, ADSL (asymmetrical digital subscriber line) has been 
introduced, and the ADSL modems have become proven technology. 
ADSL refers to the two way capability of a twisted copper pair with analog 
to digital conversion at the subscriber end and an advanced transmission 
technology. Ordinary twisted pair equipped with ADSL modems can 
transmit movies, television, dense graphics, and very high speed data. 
For all its capacity, ADSL leaves POTS (Plain Old Telephone Service) 
undisturbed. A single ADSL line therefore offers simultaneous channels 
for personal computers, televisions, and telephones. With ADSL, 
telephone companies can connect almost every home and business to 
exciting new interactive broadband services. The recent announcement of 
the Universal ADSL has accelerated the interest in the UADSL 
technology and will speed up of introducing UADSL in large volume. 

The ISDN and ADSL services are different. ISDN provides two 
voice channels or a 128 kbps data channel while ADSL is predominantly a 
data pipe providing an asymmetrical bandwidth of up to 9 Mbps 
downstream and 800 kbps upstream. An ADSL access network will be an 
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overlay network and therefore not require the expensive and time- 
consuming switch upgrades that held ISDN back for so long. 

The customers for ADSL most likely already have a dedicated 
modem line or ISDN. A large proportion of the future customers will be 
connected to pair gain systems in the US or to ISDN in Europe. 

Figure 1 shows a standard ADSL configuration. At a telephone 
company location 100, a central office terminal (COT) 2, such as a line 
card, provides an analog telephone line POTS. An ADSL modem 4, which 
receives broadband data from the Internet, for example, provides ADSL. 
Both the POTS and ADSL are connected to a splitter 6, which provides 
both the POTS and ADSL services to a customer premise 200. A splitter 8 
receives the POTS and ADSL signals and separates them. The ADSL 
provided from splitter 8 is connected to an ADSL modem 10, which is 
connected to either ATM 25 (asynchronous transfer mode 25 Mbps) or 
Ethernet. Splitters 6 and 8 are bi-directional. In other words, splitter 8 
also integrates the POTS and ADSL into a single pair of lines. The single 
pair of lines is connected to splitter 6, which separates it to POTS and 
ADSL lines and provides them to COT 2 and ADSL modem 4, respectively. 
In this configuration, two splitters 6 and 8 are needed, one at telephone 
company location 100 and the other at customer premise 200. 

Figure 2 shows a configuration of UADSL, i.e., splitterless ADSL. In 
this configuration, no splitter is required at customer premise 200. A 
UADSL modem 14 is connected in parallel with an analog telephone 
equipment 12. UADSL modem 14 will work simultaneously with 
telephone equipment 12, i.e. also during ringing, dial pulsing, etc. The bit 
rate of UADSL modem 14 will be significantly lower compared to full-rate 
ADSL, but there will still be an improvement of 20-25 times over the 
actually achievable bit rates with analog modems. 
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Figure 3A shows a configuration of ADSL over a pair gain system. 

In this configuration, at telephone company location 100, COT 2 provides 

two pairs of POTS lines to a pair gain line card (LC) system 16, which 

converts the two pairs into one DSL (Digital Subscriber Line). The DSL 

and ADSL supplied from ADSL modem 4 are connected to splitter 18, 

which provides DSL and ADSL services to customer premise 200 on a 

single pair of lines. At customer premise 200, splitter 20 separates the 

DSL from the ADSL. The DSL is provided to a pair gain remote terminal 

(RT) 22, which provides two analog POTS lines. The ADSL is provided to 

ADSL modem 24, which is connected to either ATM 25 or Ethernet. 

Because of the difference in frequency use, remote power feeding, etc., 

there will always be a need for splitter 20 at customer premise 200 side 

with pair gain systems even with UADSL transmission. In the case of 

providing ADSL over ISDN BA (basic access), pair gain remote terminal 

22 can also be an ISDN NT1 (network termination 1). 

Figure 3B shows a standard remote terminal 22. Connectors 1, 2 
and DSL are connected to POTS 1, POTS 2, and DSL lines, respectively. 

In the conventional configurations, such as shown in Figs. 1 and 3A, 
an external splitter is required at customer premise 200. The external 
splitter is usually located in a sealed box. However, an external splitter at 
the customer premise means an extra box at or in the house. 
Furthermore, using an external splitter as a separate device involves a 
number of operational and administrative issues, such as ordering, 
provisioning, maintenance, customer service, billing, testing, etc. Thus, 
when a customer orders ADSL service, all these issues need to be resolved. 
This presents significant operational and administrative costs to Telecom 
operators. 
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Therefore, there is need for an integrated remote terminal that 

reduces the operational and administrative costs associated with 

providing ADSL services to customers. 

SUMMARY OF THE INVENTION 

The present invention provides an effective way for Telecom 
operators to provide ADSL service to customers who are receiving POTS 
service over a pair gain system or who are connected to ISDN. 

According to one embodiment of the invention, an ADSL/VDSL 
(Very High Speed DSL) splitter is integrated in the remote terminal of a 
pair gain system or in the NT1 (Network Termination 1) of an ISDN BA 
(Basic Access). Therefore, no extra box on the house and no extra truck 
roll is required when the customer orders ADSL service. Integrating the 
splitter makes the telephone line upwards compatible with UADSL since 
UADSL can be directly connected to an analog telephone line. 

According to another embodiment of the invention, both the splitter 
and ADSLAJADSL modems are integrated in the remote terminal of a pair 
gain system or in the NT 1 of an ISDN BA. The splitter in the telephone 
company location may also be integrated in the central office terminal 
(COT) of the pair gain system. 

According to a further embodiment of the invention, the UADSL 
signal output of an ADSL splitter in the remote terminal of a pair gain 
system is connected to an analog POTS port, with appropriate filtering. 
According to this embodiment, the UADSL signal is connected to all POTS 
lines coming out of a remote terminal. Connecting the UADSL output of 
the splitter to the POTS output eliminates the need for additional wiring 
in the customers house. 
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Other objects and attainments together with a fuUer understanding 
of the invention will become apparent and appreciated by referring to the 
following description and claims taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings wherein like reference symbols refer to like parts: 

Figures 1 shows a standard ADSL configuration; 

Figure 2 shows a standard of UADSL configuration; 

Figures 3A and 3B show a conventional configuration of ADSL over 
15 a pair gain system; 

Figures 4A and 4B show an embodiment of ADSL over a pair gain 
system according to one embodiment of the invention; 

20 Figure 5 shows a variation of the embodiment in Fig. 4A according 

to the invention; 

Figure 6 shows another embodiment of the invention in which the 
spUtter at the telephone company location is integrated with the central 

25 office terminal; 

Figure 7 shows how UADSL can work with pair gain systems 
according to the invention; 

30 Figures 8A and 8B show still another embodiment according to the 

invention; and ; 
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Figure 9 shows a variation of the embodiment in Fig. 8A according 
to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 4A shows an embodiment of ADSL over a pair gain system 
according to the present invention. In this embodiment, at telephone 
company location 100, COT 2 provides two pairs of POTS lines to a pair 
gain LC system 16, which converts the two pairs into one DSL (Digital 
Subscriber Line). The DSL and ADSL supplied from ADSL modem 4 are 
connected to splitter 18, which provides DSL and ADSL services to 
customer premise 200 on a single pair of lines. 

At customer premise 200, an integrated terminal 40 is provided and 
connected to the DSL and ADSL pair of hues. Integrated terminal 40 
comprises a pair gain remote terminal (RT) integrated with a splitter. 
The splitter in terminal 40 separates the DSL from the ADSL. The DSL is 
provided to the pair gain RT in terminal 40, which provides two analog 
POTS lines. The ADSL is provided to ADSL modem 24, which is 
connected to either ATM 25 or Ethernet. The embodiment in Figure 4A 
can also be used to provide ADSL over ISDN BA (basic access). In such 
case, integrated terminal 40 comprises an ISDN NT1 (network 
termination 1) integrated with a splitter. 

A splitter that may be used in the invention typically comprises a 
low pass filter for connecting to DSL line and a high pass filter for 
connecting to ADSL line. The low pass filter should allow 2B1Q or 4B3T 
signals to pass to the pair gain terminal and block ADSL signal. The high 
pass filter should at least allow ADSL signal to pass to the ADSL modem. 
As an example, the low pass filter may have a frequency spectrum of 80 to 
120 kHz. 2B1Q signal is near the low end of the frequency spectrum, 



„ PCT/US99/06499 
WO 99/51019 7 

while 4B3T signal is near the high end of the frequency spectrum. The 
high pass filter may have a frequency spectrum of 100 to 140 kHz. 

There are several ways to implement the integration of the splitter 
5 in terminal 40. One way is to include the splitter on a printed circuit 
board (PCB) with the pair gain electronics. This is an economical solution 
if a new design is made. Because of the large volumes, the cost will be low. 
These systems become ADSL compatible. 

10 Another way is the integration of the splitter in a connector module 

for copper twisted pair, e.g. in an MSP (modular single protector) product, 
manufactured by Raychem Corporation, Menlo Park, California. This 
provides a lot of flexibility. The ADSL splitter can be installed in the field 
as opposed to factory pre-installation and an additional connector module, 

15 such as another Raychem's MSP, for the ADSL signal can be provided. An 
advantage is that this solution provides the Telecom operators a very easy 
way to upgrade existing pair gain systems to ADSL compatible system. 
The existing connector (e.g., 125 AW) for copper twisted pair can be 
removed and replaced by, for example, a sealed MSP including the 

20 splitter. An extra MSP can be mounted for the ADSL data line to connect 
the twisted pair to the ADSL modem. 

Figure 4B shows an example of a remote terminal 40 according to 
the invention. Connectors 1, 2, ADSL and DSL are connected to POTS1, 
25 POTS 2, ADSL and DSL lines, respectively. 

The above ways of implementing the integration of the splitter also 
applies when an ISDN NT1 is used in terminal 40 in an ISDN BA system. 



30 



Thus, the following benefits can be obtained from the present 
invention. The cost is reduced because only one box is needed. In the box, 
the splitter and the pair gain RT electronics are integrated on one printed 
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circuit board. Furthermore, less space is needed at customer premise 200. 
Also, if this embodiment of the invention is implemented as standard in 
all remote terminals, Telecom operators can save a truck roll when a 
customer orders ADSL service because the integrated terminal is already 
capable of providing the service. 

Depending on the regulatory environment, the ADSL modem at 
customer premise 200 can also be integrated with the pair gain RT (or 
ISDN NT1) and the splitter. Figure 5 shows such an embodiment 
according to the present invention. In Fig. 5, an integrated terminal 60 
comprises a pair gain RT (or ISDN NT1) integrated with a splitter and an 
ADSL modem. 

According to the present invention, the splitter at telephone 
company location 100 may also be integrated with the pair gain line card 
or backplane of the pair gain shelf. There are several ways to implement 
the integration. One way is to provide a separate splitter shelf in the 
central office. Another way is to mount the splitters on the main 
distribution frame (MDF) in the central office. 

For pair gain systems, it can be attractive to integrate the splitter 
with the COT (Central Office Terminal) of the pair gain system, as 
illustrated by integrated terminal 75 in Fig. 6. It reduces the cost and 
makes the system compatible with future services. For example, the 
Raychem Miniplex® system has a lot of flexibility because of the approach 
with the universal shelf. For two channel systems spare connections are 
already available. 

In the embodiment shown in Fig. 6, the splitter may be mounted on 
the pair gain line card for a universal application. Alternatively, the 
splitter can be mounted on the backplane. For example, a splitter module 
may be mounted individually on wire-wrap pins, or a piggy-back board 
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with splitters mounted thereon may be provided. Alternatively, 
integrating splitters in the DSL connector for the connectorized shelf, i.e., 
a shelf that has pre-equipped connectors. 

Figure 7 shows how UADSL can work with pair gain systems. This 
embodiment provides the UADSL on one POTS line. As shown in Fig. 7, a 
splitter 84 separates the DSL from the UADSL. The DSL is provided to a 
pair gain RT 86 which provides two analog POTS lines. The UADSL is 
combined with one of the two POTS lines so that a combined 
POTS+UADSL is provided. ADSL modem 88 is connected to the 
POTS+UADSL line. A connector module 87 for copper twisted pair is used 
to connect the UADSL line to the POTS+UADSL line in Fig. 7. In Fig. 7, 
spUtter 84 and pair gain RT 86 may be integrated. Also, by using 
appropriate high pass niters, the UADSL can be offered on multiple POTS 
pairs coming out of pair gain RT 86, as will be described below in 
connection with Fig. 8A. 

Figure 8A shows the block diagram of an integrated pair gain 
system RT 90, including a splitter 94. This embodiment provides UADSL 
on all the lines in a house. In Fig. 8A, splitter 94 and pair gain RT 96 are 
integrated as described above. The UADSL from splitter 94 is connected 
to both outgoing pairs of POTS through high pass filter 102, connector 
module 97 and high pass filter 104, connector module 98, respectively. 
High pass niters 102 and 104 assure the quality of the voice frequency 
; (VF) transmission in each POTS line. The high pass filters are required 
for the simultaneous connection of UADSL on both POTS pairs. This 
provides a significant reduction of the complexity of managing the wiring 
in the house. In this way, someone who has two telephone lines may 
receive the UADSL signal on both lines. With this configuration, the in- 
0 house wiring behaves as two different pairs in the voice band and as one 
twisted pair network for the UADSL signal. 
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In the embodiment of Figure 8A, a separate output for a high- 
frequency signal is also provided. This output can be used for UADSL or 
ADSL. If a customer initially chooses the UADSL service, he or she can 
later upgrade the service to the full-rate ADSL service. Also, by 
connecting a UADSL modem to the UADSL or the ADSL only signal, the 
performance is likely to be much better than either POTS1+ UADSL or 
POTS2+UADSL signal on the separate pair for the UADSL signal in the 
house. 

In Fig. 8A, high pass filters 102 and 104 need to be at least 65 dB 
attenuation in the 300 Hz to 4 kHz frequency band, in order to meet the 
minimum specification for avoiding cross-talk between the POTS lines. 
Preferably the attenuation should be higher, such as 70 dB or 75 dB. An 
attenuation of 80 dB in the voice band would give near perfect 
performance in the voice frequency band. Figure 8B shows the 
characteristics of the high pass filters, as an example. At minimum a 
third order filter would be required. A fourth order filter should 
preferably be used. 

Figure 9 shows a variation of the embodiment illustrated in Fig. 8A. 
In Fig. 7, low pass filters 106 and 108 are provided at the analog POTS 
lines. Low pass filters 106 and 108 help reduce possible interference 
caused by the UADSL signal on the electronics in pair gain RT 96. 

In Figs. 8A and 9, connection of the UADSL to both POTS lines can 
also be implemented by integrating the appropriate low and high pass 
filters in connector modules for copper twisted pair, such as Raychem's 
MSP product. This will provide a way to upgrade existing remote 
terminals to UADSL on both POTS lines. 
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A range of splitters may be used to adapt to a range of different pair 
gain systems with two. four, or six channels, for example, which use 
different bit rates on the DSL. 

5 • As a corollary we need an ADSL modem that will automatically 

adapt itself to the conditions on the line. ADSL over ISDN has been 
demonstrated by moving the ADSL DMT (direct multi-tone transmission 
technique) frequency spectrum higher up. The bit rate or distance 
performance was 10% less than for ADSL over POTS. Currently, 6 or 8 

10 Mbps is too much for the actual applications. Therefore, Telecom operators 
will be very willing to compromise on the bit rate for compatibility with 
existing other services. For example, for UADSL, 500 kbps or 1 Mbps is 
quoted. 

15 The standard rate adaptivity of ADSL modems can be extended. In 

standard ADSL the modems are checking the attenuation which goes 
down for the higher frequencies. If splitters with a higher cut-off 
frequency are installed on the line, the ADSL modem is able to recognize 
them by measuring the attenuation at the lower end of the frequency 

20 spectrum. After identification of the splitter, the modem can switch to the 
appropriate mode and rearrange the bit allocation on the DMT channels to 
accommodate with the available bandwidth for downstream and upstream 
transmission. 

25 Also, bit compression in the voice channels have been used to 

optimize the ADSL data rate. Technologies for reducing the bandwidth 
requirements for voice frequency channels are widely known: e.g. ADPCM 
(adaptive differential pulse code modulation) G.726 compression reduces 
the bit rate from 64 kbps (PCM) to 32 and 16 kbps. In the US and Western 

30 Europe, the use of these technologies in the access network has not been 
allowed because it compromises the performance of high speed analog 
modems (V.34). A 4-channel pair gain system (e.g. Miniplex 4N1) uses a 
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lot more of the frequency spectrum than a 2-channel system (up to 144 
kHz versus up to 80 kHz). The low end of the frequency spectrum is also 
the most efficient for ADSL transmission as the attenuation of the twisted 
pair increases with frequency . 

If in the future all data transmission will be done over ADSL, then 
the requirement for 64 kbps transmission of voice channels may be 
relaxed and ADPCM compression may be allowed. Using ADPCM a 4- 
voice channel system only needs the 2-channel bandwidth on the DSL (e.g. 
Miniplex® ADPCM-4 system). This will leave more spectrum available for 
the ADSL signal and therefore a higher bit rate or longer reach. This 
concept gives the Telecom operator more freedom in making trade-offs 
between the quality of different services on the same copper pair, i.e., 
between voice and data. 

Telecom operators prefer to introduce new services that are 
compatible with existing services. The ideas presented above show how 
ADSL can be introduced in the network and work together with pair gain 
systems. For ADSL over ISDN, the same solutions are required as for 
ADSL over pair gain. 

While the invention has been described in conjunction with several 
specific embodiments, it is evident to those skilled in the art that many 
further alternatives, modifications and variations will be apparent in light 
of the foregoing description. Thus, the invention described herein is 
intended to embrace all such alternatives, modifications, applications and 
variations as may fall within the spirit and scope of the appended claims. 
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1. An apparatus for communicating with a telephone company 
location which includes a pair gain system and provides combined digital 
subscriber line (DSL) and asymmetrical digital subscriber line (ADSL) 
signals, the apparatus comprising: 

a sphtter for separating the combined DSL and ADSL signals 
received from the telephone company location into a DSL signal and an 

ADSL signal; and 

a pair gain remote terminal connected to said sphtter for receiving 

from and sending to said splitter a DSL signal; 

wherein said sphtter is integrated with said remote terminal. 

2. The apparatus of claim 1 wherein said splitter receives a DSL 
signal from said remote terminal and an ADSL signal from an ADSL 
modem and combines the DSL and ADSL signals for sending to the 
telephone company location. 

3. An apparatus for communicating with a telephone company 
location which includes an ISDN system and provides combined digital 
subscriber line (DSL) and asymmetrical digital subscriber line (ADSL) 
signals, the apparatus comprising: 

a sphtter for separating the combined DSL and ADSL signals 
received from the telephone company location into a DSL signal and an 

ADSL signal; and 

an ISDN network termination (NT) unit connected to said splitter 

for receiving from and sending to said splitter a DSL signal; 

wherein said sphtter is integrated with said ISDN NT unit. 

4. The apparatus of claim 3 wherein said sphtter receives a DSL 
signal from said ISDN NT unit and an ADSL signal from an ADSL modem 
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and combines the DSL and ADSL signals for sending to the telephone 
company location. 

5. An apparatus for use in a telephone company location which 
provides combined digital subscriber line (DSL) and asymmetrical digital 
subscriber line (ADSL) signals for communicating with a pair gain remote 
terminal, the apparatus comprising: 

a splitter for separating the combined DSL and ADSL signals 
received from the remote terminal into a DSL signal and an ADSL signal; 
and 

a pair gain line card connected to said splitter for receiving from 
and sending to said splitter a DSL signal; 

wherein said splitter is integrated with said pair gain line card. 

6. The apparatus of claim 1, 3 or 5 wherein said splitter 
includes: 

a DSL line for receiving and sending a DSL signal; 

an ADSL line for receiving and sending an ADSL signal; 

a low pass filter connected to said DSL line for filtering signals to be 
sent and received on said DSL line; and 

a high pass filter connected to said ADSL fine for filtering signals to 
be sent and received on said ADSL line. 

7. An apparatus for communicating with a telephone company 
location which includes a pair gain system and provides combined digital 
subscriber line (DSL) and universal asymmetrical digital subscriber line 
(UADSL) signals, the apparatus comprising: 

a splitter for separating the combined DSL and UADSL signals 
received from the telephone company location into a DSL signal and a 
UADSL signal, said splitter including a DSL line for receiving and 
sending a DSL signal and a UADSL line for receiving and sending a 
UADSL signal; 
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a pair gain remote terminal connected to said splitter for receiving 
from and sending to said splitter a DSL signal, said remote terminal 
including a plurality of lines for receiving and sending analog signals; and 

a connector module connected to the UADSL line of said splitter 
and one of the plurality of lines of said remote terminal, said connector 
module including a combined signal line for sending and receiving 
combined UADSL and analog signals; 

wherein said splitter is integrated with said remote terminal. 

8. The apparatus of claim 7 wherein said splitter receives a DSL 
signal from said remote terminal and a UADSL signal from said connector 
module and combines the DSL and UADSL signals for sending to the 
telephone company location. 

9. The apparatus of claim 7 wherein said splitter further 
includes: 

a low pass filter connected to said DSL line for filtering signals to be 
sent and received on said DSL line; and 

a high pass filter connected to said UADSL line for filtering signals 
to be sent and received on said UADSL line. 

10. An apparatus for communicating with a telephone company 
location which includes a pair gain system and provides combined digital 
subscriber line (DSL) and universal asymmetrical digital subscriber line 
(UADSL) signals, the apparatus comprising: 

a sphtter for separating combined DSL and UADSL signals received 
from the telephone company location into a DSL signal and a UADSL 
signal, said splitter including a DSL line for receiving and sending a DSL 
signal and a UADSL line for receiving and sending a UADSL signal; 

a pair gain remote terminal connected to said sphtter for receiving 
from and sending to said sphtter a DSL signal, said remote terminal 
including a plurality of lines for receiving and sending analog signals; 
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a plurality of filters each coupled to the UADSL line of said splitter; 

and 

a plurality of connector modules each coupled to one of said 
plurality of filters and one of the plurality of lines of said remote terminal, 
each of said plurality of connector modules including a combined signal 
line for sending and receiving combined UADSL and analog signals; 

wherein said splitter is integrated with said remote terminal. 

11. The apparatus of claim 10 wherein said splitter receives a 
DSL signal from said remote terminal and a UADSL signal from one of 
said plurality of connector modules and combines the DSL and ADSL 
signals for sending to the telephone company location. 

12. The apparatus of claim 10 wherein each of said plurality of 
filters is a high pass filter having at least 65 dB attenuation in a 
frequency band of 300 Hz to 4 kHz. 

13. The apparatus of claim 12, further comprising a plurality of 
low pass filters each connected between one of the plurality of lines of said 
remote terminal and one of said plurality of connector modules. 

14. The apparatus of claim 10 wherein said splitter further 
includes: 

a low pass filter connected to said DSL line for filtering signals to be 
sent and received on said DSL line; and 

a high pass filter connected to said UADSL line for filtering signals 
to be sent and received on said UADSL line. 



15. The apparatus of claim 6, 9 or 10 wherein: 

said low pass filter has a cutoff frequency of 80 to 120 kHz; and 

said high pass filter has a cutoff frequency of 100 to 140 kHz. 



WO 99/51019 1 / 6 



PCT/US99/06499 




CM 



o 



CO I 






it! 















o 
ex. 



r 




.1 



<3 



5! 

5 






1 

CM 



WO 99/51019 



2/6 



PCT/US99/06499 




l_ . 



3 



_J 




| 
I. 

5 



(!) 




L. 




PCT/US99/06499 

WO 99/51019 3 /6 



DOOR WITH 
ELECTRONICS 



CONNECTION CABLE 



CONNECTOR 
LINE 2 



CONNECTOR 
LINE 1 



CONNECTOR 
DSL 



FIG. 3B (prior ART) 



POTS 2 
POTS 1 
DSL 



DOOR WITH 
ELECTRONICS 



V 



CONNECTION CABLE 



CONNECTOR 
ADSL LINE 



CONNECTOR 
LINE 2 



CONNECTOR 
LINE 1 



CONNECTOR 
DSL 



V 



■ADSL 

POTS 2 

POTS 1 

DSL 
WITH 

INTERGRATED 
SPLITTER 



FIG. 4B 



wo 



99/51019 



4/6 



PCT/US99/06499 



10 




L. 



5: 





S' 




WO 99/51019 



5/6 



PCTAJS99/06499 




WO 99/51019 



6/6 



PCTAJS99/06499 




INTERNATIONAL SEARCH REPORT 



Intel -nal Application No 

PCT/US 99/06499 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H04M11/06 H04Q11/04 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED . . 

Minimum documentation searched (elasstflcatton system toBowed by caseation symbols) 



IPC 6 H04M H04Q 



Documentation searched other than minimum 



documentation to the extent that such documents are included tn the lieids searched 



Electronic data base 



consul during the international search (name ol data base and. where practice., search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, ol the relevant passages 



Relevant to daim No. 



Y 

A 



ET AL) 

line 34 
line 25 



US 5 410 343 A (C0D0INGT0N CARL D 
25 April 1995 

see column 6, line 48 column 7, 
see column 7, line 47 - column 8, 
see figures 2-6,9 

KESSLER T ET AL: "SIMULATION OF ADSL OVER 

ISDN ON GERMAN SUBSCRIBER LINES" 

IEEE COMMUNICATIONS LETTERS, 

vol 1, no. 5, 1 September 1997, pages 

124-126, XP000704751 

see page 124, left-hand column, line 20 - 
right-hand column, line 22 
see page 125, left-hand column, line 
line 31 



17 - 



1-4 
6 

5,7-15 



1-5,7-15 



ry| Further documents are listed in the continuation ol box C. 



0 



Patent family members are listed in annex. 



' Special categories of cited documents : 

-A" document defining the general state of the art which is not 

considered to be of particular relevance 
• E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority claim(s) or 
which is died to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X- document of particular relevance; the claimed inventton 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



1 July 1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 

Form PCT/1SA/210 (second sheet) (Ady 1992) 



Date of mailing of the international search report 



09/07/1999 



Authorized oftlcer 



Blanco Cardona, P 



INTERNATIONAL SEARCH REPORT 



Inte anal Application No 

PCT/US 99/06499 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category < 



Citation of document with indication.whefe appropriate, of the relevant passages 



Relevant to daim No. 



EP 0 795 977 A (MOTOROLA INC) 
17 September 1997 
Abstract 

see column 5, line 17 - column 6, line 29 
see figure 3 

see column 15, line 13 - line 19 

AWARE INC: "SpHtterless DMT System 

Design and Measurements" 

ITU-T TELECOMMUNICATION STANDARIZATION 

SECTOR OF ITU, 29 October 1997, page 

COMPLETE 10 XP002100485 

See whole document 

US 5 111 497 A (BLIVEN DAVID C ET AL) 
5 May 1992 

see column 6, line 28 - line 41 



1-15 



7-15 



1,3,7,10 



Form PCT/ISA/210 (continuation of second sheet) (Jiiy t992) 



INTERNATIONAL SEARCH REPORT 

Inlormatlon on patent family members 



Intet mal Application No 

PCT/US 99/06499 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5410343 



25-04-1995 



EP 0795977 



17-09-1997 



US 
US 

us 

AU 
AU 
CA 
EP 
JP 
MX 
NZ 
WO 
US 
US 
US 



US 
JP 



5247347 A 
5528281 A 
5625404 A 

660710 B 
2489492 A 
2120031 
0605454 
7502629 
9205012 

244083 
9306692 
5790174 
5802283 
5712906 



5781728 A 
9275387 A 



21-09-1993 
18-06-1996 
29-04-1997 
06-07-1995 

27- 04-1993 
01-04-1993 
13-07-1994 
16-03-1995 
01-06-1993 

28- 03-1995 
01-04-1993 
04-08-1998 
01-09-1998 
27-01-1998 



14-07-1998 
21-10-1997 



US 5111497 



05-05-1992 



AU 692611 B 

AU 3667495 A 

AU 658828 B 

AU 8318791 A 

CA 2091067 A 

CN 1060001 A,B 

CN 1112318 A 

DE 69115704 D 

DE 69115704 T 

DE 69130370 D 

DE 69130370 T 

DE 69130779 0 

EP 0547067 A 

EP 0682435 A 

EP 0771052 A 

ES 2126836 T 

ES 2122816 T 

JP 6504889 T 

NZ 239285 A 

NZ 260821 A 

US 5376019 A 

US 5404401 A 

WO 9204794 A 

US 5406702 A 

US 5427547 A 

US 5598455 A 

US 5601460 A 

US 5562491 A 

US 5195125 A 

US 5246383 A 



11-06-1998 

26- 04-1996 

04- 05-1995 
30-03-1992 

05- 03-1992 
01-04-1992 

22- 11-1995 

01- 02-1996 

17- 10-1996 
19-11-1998 

24- 06-1999 

25- 02-1999 

23- 06-1993 

15- 11-1995 

02- 05-1997 

01- 04-1999 

16- 12-1998 

02- 06-1994 

24- 04-1997 
24-10-1997 

27- 12-1994 
04-04-1995 
19-03-1992 

18- 04-1995 

27- 06-1995 

28- 01-1997 
11-02-1997 
08-10-1996 
16-03-1993 
21-09-1993 



PCT/lSA/210 (patent (amiy annex] (July 1992) 



